Abstract Hepatitis C virus (HCV)
Introduction
The hepatitis C virus (HCV) belongs to family Flaviviridae and its infection is well known as a common infection, especially among human immunodeficiency virus (HIV) infected patients. Recent data showed that more than 35 million individuals worldwide are infected with HIV, while more than 150 million people are suffering from HCV infection [15] .Due to their overlapping mode of transmission, the occurrence of HIV/HCV co-infection has increased dramatically. It has been estimated that around 5-7 million people are globally co-infected with HIV/HCV [21] . In the United States alone, around 25% HIV patients are co-infected with HCV. On the basis of genetic variations between HCV isolates, HCV is further classified into seven genotypes or clades (1-7) and 67 sub-types [44] . Genotype-4 (GT-4) is the most prevalent in the Saudi Arabia [32] . Genotype 3 is the most responsive while Genotypes 1 and 4 are known as less responsive. Sub-types of a particular HCV genotype are further divided into quasi-species based on their genetic diversity. The genomic composition of sub-types of a genotype varies between 20 and 25%. Subtypes 1a and 1b are the most widespread throughout the world and cause sixty percent of all cases. Several lines of evidences have supported the notion that viral genotypes are imperative in the outcome and required the duration of interferon (IFN) based therapy. The duration of the therapy is also variable, for example, standard IFN therapy for genotypes 1 and 4 is 48 weeks and for genotypes 2 and 3 are * 24 weeks. Sustained Virological Responses (SVRs) is, * 90% for genotypes 2 and 3, * 80% of genotype 6-70% of genotype 1, and 50% for genotype 4. Thus, with HCV-GT 1 and GT4 and the IFN resistance is a major issue. Infection with one genotype does not confer immunity against other GTs, and concurrent infections with two viral strains have been reported. In most of the cases, it has been observed that one viral strain removes the other from in a short time. This pronouncement opens the window of opportunity for hepatologist to replace non-responsive strains with easier to treat strains by mutual exclusion. The rate of liver-related complications among HIV/HCV co-infected patients has increased at an alarming rate in the western world. This is a leading cause of hospitalization and death in these countries among those patients associated with HIV coinfection. Latest survey has shown that 9% death in HIV patients happens due to this complication. The large number of hospitalization and death indicates the prevalence of viral hepatitis among HIV patients, despite the use of successful antiretroviral therapy [36] . The rate of co-infection with HCV has been reported to be up to 25% in HIV patients [36] . However, this rate is not always constant across the different populations globally. Compared to HCV mono-infected patients, A, co-infected patients have an increased risk of developing liver diseases like hepatocellular carcinoma, in absence of successful HCV treatment [23] . Interestingly, the level of HCV RNA increases due to absence of antiretroviral therapy and it has been observed that there is no linkage between HCV viremia and liver disease progression in coinfected individuals [40] . The end stage hepatic events and injury caused by drug use are the most important determinants for liver complications in HIV/HCV coinfected patients. Recently, the used antiretroviral drugs have lesser side effect and found to be safer in co-infected patients as compared to mono-infected individuals [39, 48] . It has been observed that, the chance of liver injury is less, if the eradication of HCV infection by antiviral drugs has been achieved before starting antiretroviral therapy. Direct acting antivirals (DAA) are the future hope for treatment of HCV infection in co-infected HIV/HCV patients due to their less side effect with better efficiency [45] . In those persons who are intravenous drug users or who received contaminated blood products, there is an increased risk of HIV/HCV co-infection. The efficient parenteral HCV transmission is behind the elevated rate of HIV/HCV coinfection. Recently, the intravenous drug abuse in Western Europe has been on the decline, since the eighties where it reached its peak, but it has been rapidly on the rise in Eastern Europe and in East Asian countries. Blood transfusion is a high-risk factor for HIV/HCV co-infection. Screening blood for both HCV and HIV co-infection has resulted in the reduction of transmission by blood transfusion in the most of the developed countries, but this is still not the case in many of the underdeveloped countries and as such, still is a main source of contamination. During the last decade, there has been a rising incidence towards the rate of HCV infection among homosexuals HIV patients. So, homosexuals are observed to be at higher risk of getting HCV infection as compared to mono-infected individuals [41] . Detection of acute hepatitis C is very essential for better treatment and management of HIV patients in co-infected individuals [50] . Additionally, threat among co-infected patients, there has recently been evidences which increases the occurrence of HCV re-infection among some HIV patients particularly among drug abusers [30] and homosexual men having multiple sex partners [24] . For this reason, people education, awareness and prevention strategy are a key aspect in HIV/HCV disease management.
Effect on immune response
The consequence of immune response in HIV/HCV coinfection with respect to immune-regulatory mechanism is not well understood. The immune regulatory mechanism and their interaction with other regulatory molecules of the immune system are yet to be explored in HIV/HCV coinfected patients. The co-infection of HIV/HCV is persistently found to be associated with both extrinsic and intrinsic immune regulatory pathways. Example of extrinsic regulatory pathway include Fox P3? CD4? regulatory T cells, while intrinsic inhibitory pathway includes programmed death-1 (PD-1) and CTLA-4 (cytotoxic T lymphocytes antigen-4), with parentally reversible suppression of antiviral effectors T cells. There is an evidence of induction of multiple T cell inhibitory pathways in HIV/ HCV co-infected patients. The T cell inhibitory pathway like FoxP3? Tregs, PD-1 and CTLA-4 are inversely associated with overall CD4 T cells [7] . Both viruses, HIV and HCV are known to adopt the same route of infection. It is reported that the intensity of HCV infection is variable when patients are found to be HIV positive and the response of the immune system to the HCV infection exhibits various functional impairments and contributes to the liver damage and development of other diseases. The inflammatory response in the liver increases to a higher rate because of HCV infection. In HIV infected patient, it has been observed that the route of HCV infection and liverrelated disease like liver cirrhosis and/or liver carcinoma are frequently occurs. This leads to higher death rates in HIV/HCV co-infected patients. It is also reported that, the response of T cells become weak in HIV/HCV co-infected patient and intact HCV specific immune response was more as compared to long-term HIV non-progressors. The IFN-a level in HIV/HCV co-infected patient was observed to be higher. In HIV/HCV co-infected patients, a rapid increase of TGF-b level, matrix metalloproteinases (MMPs) and tissue inhibitors was observed and finally resulted in development of fibrosis. It has been well known that viral envelop protein (gp 120) triggers the apoptosis of hepatocytes in vitro and causes liver damage. The hepatocyte apoptosis induces the inflammatory cytokine IL-8 production in hepatocyte-derived cell and stimulation gets higher by the viral encoded envelope proteins like HCV E2 and HIV gp120 (Fig. 1) . The reduction of HCV RNA has been achieved upon using 10 kDa interferon-gamma-inducible protein in the first phase and finally a better response was observed against the chronic hepatitis by using this therapy [2] . Other than HIV envelop protein, it has been well known that HIV-1 Nef is transferred from expressing T cells to hepatocytic cells through conduits and enhances HCV replication. The extracellular Nef protein in HIV-1 infected individuals can pass out into hepatocytes and increase the size and shape of the lipid droplets inside the liver cells thus augmenting HCV replication and HCV mediated ROS production leading to HCC [34] .
Like a retrovirus, total three structural proteins known as Gag, Pol and Env and six accessory proteins Tat, Rev, Nef, Vpr, Vpu and Vif are encoded by HIV genome all these genes play a significant role in virus replication and pathogenesis. In vivo studies have shown that Nef is indispensable for HIV-1 pathogenesis. AIDS like disease can be developed by expressing the nef in mice and lower viral load and attenuated diseases in humanized mice, non-human primates and humans linked with nef deletion or defect [29] . Several crucial functions like protein trafficking, down-regulation of cell surface receptors, alteration of intracellular signaling, and enhancement of HIV-1 infectivity can be conferred by the localization of Nef on the plasma membrane. HIV-1 Nef plays a significant role in HIV/AIDS pathogenesis. Based on recent studies it has been observed that Nef can be transferred to neighboring cells and affects the biological function of these cells. Additionally, exosomes known as ChE?/CD81low/TSG101low and AChE-/CD81 high/TSG101 high play an important role in intercellular Nef transfer [29] . The HIV infection activates the HCV quasi-species compartmentalization both inside as well as outside the liver cells and particularly in monocytes/macrophages and lymphocytes.HIV infects the activated and proliferating CD4 T cells and after chronic HCV infection the HCV specific CD4 T cells continue to be activated and proliferate for a longer period. An elevated level of immune activation is associated with HIV infection resulting in an elevated level of transportation of activated CD8 T cells into liver cells by causing inflammation to liver. Due to HIV infection, dramatic changes occur in the TH1 to TH2 level resulting into alteration of immune response and cytokine profile after HCV infection [3] .
Effect on virus replication
The enhanced replication of HCV is well known due to HIV infection in HIV/HCV co-infected patients [28] . HIV infection targets mainly to mono-nuclear leukocytes containing CD4, chemokine receptors CCR5 and CXCR4 cells Consequence of HIV and HCV co-infection on host immune response, persistence and current… 21
( Fig. 1) . Based on the published reports, it is well known that, the HCV replicates not only in hepatocytes, hepatocytic cell lines, and hematopoietic cells, but also in peripheral blood mononuclear cells (PBMC). It is also known that during natural infection, HCV binds to Dendritic cells receptors and replicates efficiently and these Myeloid Dendritic Cells serve as a reservoir for HCV replication. Due to the lack of reliable and efficient standardized methods to study the HCV replication with or without HIV infection has hampered the advances in this area and development of an effective disease management strategy. For this reason, there is an urgent need to elucidate the underlying mechanism behind the HIV/HCV interactions in order to design and develop effective antiviral therapies [35] .
Effect on disease progression
HIV accelerates the progression of HCV infection by suppressing the immune system of immuno-compromised individuals. It has been reported that a drastic depletion of CD4 T cells occurs as a consequence of HIV infection resulting into the loss of immune response. It is worth noting that, during HIV/HCV co-infection, the rate of fibrosis and risk of liver cirrhosis increases, especially when the CD4 T cell counts becomes low with higher HCV viral load. It is strongly supported with published reports that the prevalence of liver-related diseases and death is higher in HIV/HCV co-infected patients as compared to mono-infected individuals [9] . Based on recent reports, after the introduction of highly active antiretroviral therapy (HAART), the life expectancy of HIV drug users (DUs) has been improved. However, this was not the case of HIV/ HCV co-infected drug users who remained at a higher death risk from hepatitis/liver-associated diseases [43] . The death rate among HIV patient was lower after the introduction of combination of HAART. However, this was not the case among HIV/HCV co -infected patients, where the rate has increased [46] . HCV infection has become a major cause of death among HIV patients due to liver related disease. Recent data supports that cellular immunity gets hampered due to high liver inflammation and fibrosis in HIV/HCV co-infected patients. The prediction of liver fibrosis in HIV/HCV co-infected patients can be determined by using Aspartate aminotransferase (AST) and liver stiffness [16] . Recently, based on a meta-analysis results, it has been reported that the death rate among HIV/HCV coinfected patient was approximately 35% higher than those infected with HIV alone. But the mortality rate in AIDS patients is continuously increasing and is more than that of HIV-positive patient without being diagnosed with AIDS [33] . HCV infection is reported to reduce the CD4? T cell response to HAART, resulting in a decrease in CD4? T-cell counts. Additionally, the use of alcohol and drugs increases the high-risk of mortality rates in HIV/HCV coinfected patients. It is well known that chronic HCV infection alone can cause 50% mortality among AIDS patients globally [5] . Very recently a cross-sectional study was conducted by using Golden Gate assay in 219 patients to analyze the association between 2 0 5 0 oligoadenylate synthetase 1,2 and 3 (OAS1-3) and myxovirus resistance proteins 1 (Mx1) polymorphisms and severity of liver disease in human immunodeficiency virus (HIV)/hepatitis C virus (HCV)-coinfected patients and it was observed that Mx1 and OAS1-2 polymorphisms were associated with the severity of liver disease in HIV/HCV-coinfected patients and results, suggested a significant role in the progression of hepatic fibrosis [14] .
The co-infection of HCV in HIV patients accelerates the liver disease progression as compared to HCV mono-infection. Recent study suggests that the pool of natural killer cells significantly altered in HIV/HCV co-infection and might be also involved in rapid liver disease progression in co-infected patients [20] . Based on previous in vitro studies the hepatocyte function and HCV replication can be severely affected by soluble HIV proteins. It has also been reported that HIV can productively infect hepatocytes. In a recent study, the impact of HIV infection of hepatocytes on HCV expression was investigated and it was concluded that, the induction of HCV RNA synthesis and protein production in vitro can be modulated by HIV infection. Recently, in vivo study results revealed that the level of HCV RNA was elevated in HIV/HCV infected individuals as compared to those with HCV mono-infection. Based on the findings, the suppression of HIV could be a novel strategy in liver disease control [22] .Very little information is available about the genomic basis of HIV/HCV co-infection and its regulation by microRNA (miRNA). Recently, the role of specific miRNAs in co-infection has been demonstrated which were correlated with important gene targets particularly playing a crucial role and functional relationships to many pathways in cancer, immunefunction, and metabolism. A HCV-specific miR-122 in coinfection (FC450, p4.02E-06) was found to play a significant role in up regulation and alteration of biological functions [17] .
Hemophiliacs with HIV/HCV co-infection
The HIV/HCV co-infection is a serious issue in hemophiliacs treated with clotting factors. It is estimated that 60-95% of the hemophiliacs who received clotting factor were infected with HIV. The progression of the HCV disease among co-infected hemophiliacs was observed to be rapid. Eyster and colleagues reported as higher incidence (8.8%) of liver failure among hemophiliacs infected with HCV than those HCV patients without hemophilia. In a cohort study of HCV infected hemophiliacs (40% coinfected with HIV), hepatic decompensation observed in 11 patients out of 181, whereas 10 of these 11 patients were co-infected with HIV. The hepatic decompensation rate was higher (21 times) in HIV co-infected patients than in HCV patients alone. Recently, in an interesting study conducted on hemophilic patients, it was observed that the HCV resides for longer time in Peripheral blood mononuclear cells (PMBC). The presence of HCV in PMBC can be attributed to therapeutic failure. So, care must be taken during treatment of hemophilic patients in case of co-infection. Thus, HIV alters the pattern of HCV progression, resulting in an increased mortality and morbidity rate among those individuals with co-infection [35] .
Morbidity and mortality caused by HCV
The overall objective of HCV therapy is to permanently eliminate the risk of eventual development of hepatocellular carcinoma and liver failure during HIV/HCV co-infection, which poses a serious challenge for scientists and researchers. Among chronic hepatitis, co-infection with HIV accelerates the progression of disease and decreases the Spell out (SVR) rate to interferon based therapy. Newly introduced DAA therapy give hope to an increase in SVR. But in this case virological breakthrough or relapse may happen due to selection of preexisting resistance associated variants (RAV) [18] . Jabara et al. [18] , conducted a study and based on the findings he concluded that genetic diversity of HCV is reduced in a well-controlled HIV coinfection indicating impaired cellular immunity but RAV frequency must not adversely affect the outcome of DAA therapy [18] . Pegylated interferon alfa-2a (PEG-IFN) plus ribavirin strategy has already been approved by FDA for treatment of HIV/HCV co-infected individuals. It has been observed that the binding of interferon takes place with specific cell-surface receptors in virus-infected cells resulting in rapid gene activation by protein-protein interaction. Inhibiting viral replication or translation, and viral assembly with release is mediated by the antiviral effects of interferon/Ribavirin. The mechanism for the antiviral effects is not well known but it is presumed that the interference happens through many guanosine-dependent processes. These include inhibiting the enzyme inosine monophosphate dehydrogenase and eventual interference with the replication of the viral nucleic acid. Studies have shown a marked difference in HIV/HCV coinfection groups with treatment of PEG-IFN vs. IFN and PEG-IFN in combination with ribavirin. Treatment with PEG-IFN and ribavirin was associated with the significantly higher rate of sustained virological response in comparison to treatment with IFN and ribavirin [6] . Additionally, in a study conducted and significant pancreatitis was observed in only one patient who was receiving didanosine. In this study, the same number of patients dropped due to laboratory abnormalities. Overall, most of the withdrawals were from the interferon plus ribavirin treatment and the least were from the PEG-IFN plus ribavirin treatment. In pegylated interferon groups, higher rate of neutropenia was observed resulted into significant differences [47] .
Treatment options of HIV/HCV co-infection
Currently, multiple treatment options for HIV/HCV coinfections are available, but there is an urgent need for continuous education and awareness program about consequences of severe and acute HCV infection among HIV patients [31] . Antiviral treatment is equally important in preventing viral transmission of HIV/HCV co-infection [49] . The available ART treatment has been recommended for HIV/HCV co-infection as it delays the progression of liver cirrhosis despite of CD4? T cell counts [1, 12] . But, the co-infected individuals receiving simultaneous treatment for both HIV and HCV, have a high pill burden besides an increased danger of unwanted drug-drug interactions and liver injury induced by drugs, especially in cases of advanced stages of liver cirrhosis. The treatment of co-infection by ART therapy should be utilized in a well-designed manner by reducing the drug-drug interactions with defined and standardized HCV therapy. Raltegravir and dolutegravir which are known as HIV integrase inhibitors have less side effects and drug-drug interactions. The use of antiviral agents against HCV protease can be minimized by using HIV protease inhibitors and nonnucleosides reverse transcriptase inhibitors. DAA are found to be a promising and another new option for treatment of HIV/HCV co-infected individual leading to the availability of interferon-free regimen with high SVR, even in cirrhosis patients having previous treatment failure. Currently, several new DAA are being use and many others are waiting for FDA approval [11] . DAA can provide shorter treatment options in case of patients having increased SVR rate (Table 1) . A recent study showed that, after treatment with telaprevir, PEG-IFN and ribavirin therapy for 12 weeks against acute HCV genotype 1 infection, the SVR rate was found to be lower (84%) than in HIV infected patients [13] . It has been reported that the DAA plays a significant role, not only in treatment of HCV mono-infection but also in HIV/HCV co-infection by delaying the progression of fibrosis and hepatic decomposition. It is observed that, the use of first-generation HCV NS3/4A protease inhibitors like telaprevir or boceprevir with PEG-IFN and ribavirin resulted in a better response in HIV/HCV co-infected patients. Additionally, in the second phase of study conducted on HIV/HCV co-infected patients as it was observed that after 48 weeks of treatment, the SVR rate was found to be 63-74% respectively. In two spell out ANRS study with patients who did not responded well to interferon therapy, the ribavirin therapy has shown better efficiency. The SVR rate for telaprevir in combination with PEG-IFN and ribavirin was observed to be 83% after 48 week of treatment while boceprevir PEG-IFN and ribavirin treatment, the SVR was observed to be 56% [8] . Based on multiple study, it was observed that the protease inhibitors produces many adverse side effects including rashes and anemia because they were suggested to be taken three times per day resulted into negative The use of second generation HCV protease inhibitors showed better tolerability as compared to others. Simeprevir is a secondgeneration protease inhibitor. In a study conducted on HIV/ HCV co-infected individuals by applying triple dose up to 12 weeks and the SVR was observed to be 57-74% as compared to null responders [10] .
Faldaprevir is another protease inhibitor. A triple therapy with 1 day per dose was given on individuals with genotype 1 co-infection till 4 weeks and SVR rate was observed to be 74% after treatment. [38] . FDA has approved another DAA drug in December 2013, known as Sofosbuvir, which works as a direct acting NS5B nucleotide polymerase inhibitor. This has many novel characters like, potent antiviral activity against all HCV genotypes, high SVR rate, higher barrier to resistance and better tolerability as compared to other interferon-based therapies [19, 25] . Additionally, this avoids significant drug interaction with ART because; it does not rely on cytochrome P450 for metabolism. Overall synergetic approaches of applying two or more than two DAA found to have greater capacity to cure episodes of HCV mono-infections. This combination therapy was quite successful in LONESTAR study which was used in combinations of Sofosbuvir and NS5A inhibitor ledipasvir with or without ribavirin till 12 weeks and resulted into SVR rate of 95% in patients with genotype 1 infection [26] . More research need to be conducted to assess the contributions of multiple factors such as IL28B genotype in predicament of virological responses to all DAA [37] .
Concluding remarks
In HIV/HCV co-infection, the replication of HCV increases resulting into liver disease development and contribute significant mortality in HCV infected patients globally. Since the start of the epidemic, approximately 70 million individuals got the infection with HIV with about 35 million deaths. Until the end of the year 2016, approximately, 36.7 million individuals were detected with HIV infection [15] . Although significant advances have been made in HIV/HCV treatments and development of multiple options for management of liver disease in HIV infected individuals but still its remain challenging due to many factors including limited resources, fragmented health care, and elevated level of injection drug use, alcohol use in the HIVinfected patient. The proportion of HIV individuals and HCV co-infected patients has been observed to be significantly similar due to similar transmission route of infection [4] . Bio-markers of HCV contact are present in a high percentage in HIV-infected individuals. HCV co-infection does appear to influence the rate of HIV progression but may be a surrogate for factors associated with HIV seroconversion. Based on analysis of data from several studies it is now well established that, the individuals co-infected with HIV and HCV have a higher risk of death than monoinfected patients. Therefore, it is necessary to evaluate the effect of HCV therapy on HIV progression and provide highly active treatment for patients receiving HIV/HCV treatment. The co-infection of HIV/HCV accelerates the faster disease progression to liver fibrosis and cirrhosis with a higher mortality rate as compared to HCV mono- infected individuals. Globally, the liver associated mortality has become a serious cause of death in HIV-positive individuals under combined anti-retroviral therapy (cART) [14, 20, 29, 42] . The immune-pathogenesis of liver disease in HIV/HCV coinfected patients is a multi-factorial process. Based on multiple published reports, the course of HCV infection worsens by HIV infection and increased the liver cirrhosis and hepatocellular carcinoma as well as elevated immunological defects and risk of comorbidities [27] .
